Abstract-Many methods can be used for the evaluation of website quality. While they can be used for different purposes and require different assessment approaches it is not easy to select proper method adequate to the needs. Presented research is focused on building a repository of knowledge about the methods for the assessing the quality of website. The repository in the form of ontologies covers various methods of quality assessment and makes possible their proper selection. Proposed approach was verified with main methods and the resulting ontology can act as a repository of domain knowledge.
I. INTRODUCTION
n the sectors related to e-commerce and online advertising, the number of users visiting corporate websites, blogs, portals and social platforms directly determines revenue. More users increase the potential of advertising, which has a direct impact on the number of transactions, the amount of revenue, and the ability to engage new customers [1] . In the United States, recent revenues from online advertising amounted to 42.78 billion dollars [2] , while in Europe, it amounted to 27.3 billion euros in the advertising sector [3] and 363,1 billion euros in e-commerce [4] . It is worth noting that for businesses using a website to generate transactions, the website's quality can have a major impact on sales [5] . Poor quality of service and user experience can cause existing Internet customers [5] , potential sales, and repeated visits to be lost [6] . Therefore, in order to maximize profits from e-commerce or online advertising, website owners should only offer the highest quality experience and services.
I
The quality of a website can be understood as the qualification of how well it meets the needs of users [7] . It should be noted that quality is defined by a model composed of characteristics and features/criteria describing its various components [8] . In the literature, there are many methods used to assess the quality of Internet websites, with the most formalized of those including: eQual [9] , Ahn [10] SiteQual [11] , Web Portal Site Quality [12] and Website Evaluation Questionnaire [13] . They have been widely used in both academic work [14] and business practice [15] . By examining the different methods was observed similarity between them. Characteristics and criteria for quality assessment based on a Likert scale were used and for the getting knowledge about quality of services surveys were explored. The reason for these similarities is that different methods are often based on the same scientific theories and source references.
Analysis of the literature and areas of practical use of methods and models for the assessment of website quality indicates a gap in the area of knowledge repository construction. Namely, there is no repository of knowledge covering some important methods for assessing the website quality. The possible construction of such a repository in the form of ontology allows formal specification and analysis of the various methods of assessment and factors affecting the quality of website [24] , as well as consequent sharing and reusing that domain knowledge [17] . The ontological form provides access to the knowledge gained from individual assessment methods and enables the processing of this knowledge. It is also important to enable the integration of heterogeneous data [18] from a variety of assessment methods. As a result, it will also be possible to assess websites through a variety of methods defined in the ontology and compare individual results of that assessment in a single terminology and a reference plane. In this approach, the problem of building such a repository is divided into two subproblems. They successively concern (1) the construction of the source ontologies, reflecting the specific methods for quality assessment; (2) the integration of source ontologies in the target ontology, which is a complete repository. This approach is justified by the abovementioned similarities between the different methods, so that individual source ontologies are close to each other in terms of structure and concepts. Proposed approach of building a repository of knowledge is graphically represented in Figure  1 .
This article presents guidelines on how to design an ontology reflecting the various quality assessment methods and their integration in the repository of knowledge. Then, using these assumptions new algorithm was proposed based on the integration of the five methods in the repository. The article concludes with a presentation of research findings and possible future directions for work.
II. LITERATURE REVIEW
The possibility of constructing a repository of knowledge on the methods and models of assessing the quality of Internet services in the form of ontologies confirms its definition, as the term "ontology" in computer science is defined as the "formal specification of conceptualization" [19] . Essentially, it allows concepts and domain knowledge to be captured. A similar definition states that ontology is treated as a form of data structure and a tool for data representation, allowing knowledge to be shared and reused in artificial intelligence systems that use a common vocabulary [20] . Therefore, ontology seems to be a natural form of representation for the repository of knowledge concerning methods of quality assessment. This is due to the fact that the use of ontologies will create conceptual models that explain the structure of the different methods of evaluation criteria. The use of ontologies will also be shared, making it possible to repeat the use of such structures and facilitate better management.
The possibility of using ontologies as a repository of knowledge is confirmed by various studies where among others a biomedical knowledge base was created using ontologies [21] . Ontologies are also implemented in the knowledge bases of various systems, e.g. an expert system for the study of company financial ratios [22] and a decision support system for the construction of railway infrastructure [23] . Analysis of the literature shows that ontologies are also used in the systems and methods of quality assessment. For example, [24] presents an ontology quality that formalizes the knowledge necessary to evaluate the quality of egovernment. In contrast, [25] proposes the use of ontologies in the quality assessment of tourism services websites. In this case, the ontology serves as a repository of knowledge on issues related to the tourism sector. However, analysis of the literature showed that there is no repository of knowledge covering some important methods for assessing the quality of website. Meanwhile, the reasons discussed above and the use of ontologies both demonstrate that the construction of a repository of knowledge about the methods of assessing website quality based on ontologies is justified.
The ontology construction methodology is frequently used, although it differs in the degree of formalization, destination and detail [26] - [30] . The most formal and detailed methodology includes Methontology [31] and NeOn [32] . Methontology proposed an "ontology life cycle" based on the so-called "evolving prototypes" [29] . This approach assumes that the individual steps of this methodology, namely I specification, II conceptualization, III formalization, IV implementation, and V maintenance, are performed continuously, and each cycle is replaced by a new version of the ontology. The NeOn methodology is focused on developing an ontology network instead of a single ontology. An ontology network is understood here as a set of related ontologies through a variety of compounds, e.g. mapping and versioning [26] . Methontology defines the process of conceptualization in detail, while NeOn largely formalizes the problem of ontology specification.
Concerning the integration of ontologies, it should be noted that the concept of integration is not clearly defined in different works. Reference [33] distinguishes three types of ontology integration: integration of ontologies into applications, integration and reusing, and integration by merging. Integration and reusing is defined as the construction of a new ontology by using existing ontologies. Merging is the unification of multiple ontologies from a given field into a new ontology. Merged ontologies may vary in appearance and function, including taxonomy of concepts, method of implementation, etc. Conflicts arising from these differences should be resolved when merging ontologies [33] . Reference [34] stated that ontology created by such a merger should capture all the knowledge contained in the original ontologies. Two approaches may be used: a new ontology can be created that reflects the source ontologies, or what is known as bridge ontology can be created. Bridge ontology contains the original ontologies and the relationship between them. In [35] integrating and merging operations are defined as equal. They include the creation of a new ontology from two or more existing ontologies with overlapping parts. In addition, reference [34] defines the terms being similar to integration, i.e. alignment and mapping. Alignment is a preliminary process by which it is possible to integrate ontology in a widely understandable way. It is a process of discovering similarities between ontologies. These similarities may occur between the concepts, their instances, or a similarity in the ontology structure. Mapping, on the other hand, refers to representing the relationships that exist between ontologies. As result a specification of the semantics of one ontology coverage by another is obtained which can be represented as a map describing the mutual relations between the elements of mapped ontology). Relationships between ontologies are stored separately from the ontology and are not part of them. Therefore, the mapping does not change in any of the ontology. Mapping allows to get a result somewhat similar to bridge ontology. However, in bridge ontology, as opposed to mapping, source ontologies and connections between them are stored in one entity.
III. CONSTRUCTION OF THE SOURCE ONTOLOGIES
In order to successfully complete integration, it is necessary to construct an appropriate source ontologies, reflecting the various website quality assessment methods. Consequently, the design of the source ontology is affected by the structure of the quality models included in the assessment methods and aspects relateted to their future integration. As indicated in Paragraph 1, each of the methods of evaluation is based on the quality model composed of characteristics and features/criteria describing its various components. Each of the source ontologies should reflect the quality model, which can be represented by a general structure, as illustrated in Figure 2 .
With regard to the structure of the ontology generated by integration, it is assumed that the target (integrated) ontology should contain a unified model, including all the characteristics and evaluation criteria, and simultaneously contain therein quality models derived from different methods. The purpose of storing individual quality assessment models (source ontologies) in the target ontology is to determine which method and characteristics derives a given criterion. Ability to determine the source method of a given criterion allows the integration of heterogeneous data from a variety of assessment methods into knowledge base. The inclusion in the ontology of a unified model allows to use it as a knowledge repository on evaluation criteria. Therefore, the ancestor of each criterion should be a model from which the criterion is derived together with the characteristics. In addition, if certain criteria are found in many different models of assessment contained in the ontology, then it will take more than two direct ancestors. This problem is illustrated in Figure 3 . Figure 3 shows part of the quality characteristics contained in Ahn and eQual methods. Moreover Figure 3 also includes a hypothetical model, which is a result of the unification of the ontologies of these methods. Three further examples of criteria are included, of which "availability" is derived from the Ahn method, "ease_of_learn_to_operate" comes from the eQual method, and "ease_of_navigation" occurs in both methods. Given that a unified model for the assessment will include the union of assessment models included in the methods eQual and Ahn, it should also include the criteria found in these models. Therefore, ancestors of the criterion of "availability" should be characteristics included in the Ahn and unified model. The criterion "ease_of_learn_to_operate" should be in the form of ancestral characteristics in eQual model and the unified model. In contrast, the ancestors of the criterion "ease_of_navigation" should be the characteristics of each of the three models. However, such a link between criteria with multiple characteristics using subsumption relations should not occur, as this would mean redundancy. A redundant occurrence of a subsumption relationship is in turn treated as an error in the method of integration formulated in [35] - [38] .
The problem presented above can be solved through the method of use adopted by the authors of the ontology. Namely, at the stage of the source ontology specification, it was found that the constructed ontology criteria would be separated from the characteristics. This approach allowed for applications with greater transparency of the ontology. This is also consistent with the representation of open and closed world assumptions in the ontology [39] . Namely, the each quality model contained in the various assessment models is a closed model. This means that it is complete, and a new one cannot be added to it. The quality evaluation criteria are the open portion of the world, which means that there may be additional criteria that are not yet included in the ontology. For these reasons, the part of ontology reflecting the quality model was used to partition taxonomic relationships between concepts occurring at the same level of hierarchy. In contrast, disjoint-decomposition taxonomic relationship was among the criteria used, as these criteria describe the different parts' quality, but there may be other criteria for describing the quality. This solution allows for independent criteria of quality models in certain ways. In addition, it allows for inclusion in the ontology of many quality models, including the unified model. Therefore, the hierarchy of concepts of a target ontology should be similar to structure shown in Figure 4 , which is the result of the integration of ontologies eQual and Ahn. Figure 4 shows a hypothetical ontology with three quality models eQual, Ahn and model obtained as a result of their unification. Furthermore, in the illustrated ontology, regardless of the quality models the criteria belonging to these models were incporporated.
To get a similar structure as that shown in Figure 4 , a compromise between a fully integrated ontology and so called bridge ontology was chosen [34] . Namely, the target ontology should include a fully unified model of quality, including the characteristics derived from the source ontologies, along with the methods of assessment, for which the source ontologies were built. Additional models, such as eQual and Ahn, as well as quality characteristics, should be included in the target ontology in the form of components, which can be simply described as external. This will avoid any inconsistencies, where the same quality characteristics will occur in the different models. An example may be the characteristics of "Information_quality" appearing in the eQual and Ahn models. As a result of the full integration, only one such characteristic appears in the resulting ontology, and it would be included in the unified model and the eQual and Ahn models. This would include criteria that belonged to both eQual and Ahn model. Consequently, in each of these models, union of information quality criteria has existed. These models would not be as consistent with their actual structure, as defined in the relevant methods of quality assessment. The solution of this problem, which allows for the incorporation of quality models (eg. eQual and Ahn) as "external", but simultaneously makes it possible to include them in the target ontology, is go find a use for them other than for IRI identifiers' unified ontology.
Separating the criteria of the quality characteristics of ontology concept hierarchies' source requires that the reasoner infers membership criteria for the relevant characteristics of the subsumption relation linking them. For this purpose, the criteria should be linked to the characteristics using the appropriate relationship, as shown in Figure 5 . The diagram shown in Figure 5 contains concepts Ch and C, where Ch represents any quality characteristics, and C defines any criterion. By analyzing Figure 5 , it can be seen that the relation "hasCriterion" with a universal quantifier is established as a necessary and sufficient condition (≡) Ch concept, which is also the domain and scope of this relationship. The relationship "isCriterion" of the existential quantifier is a necessary condition ( ) criterion C, for which  coverage is a quality characteristic Ch. This solution can be understood as follows: (a) there are certain criteria in the C group that belong to the characteristics of the Ch group ("C isCriterion some Ch"), (b) the characteristics of Ch are only those criteria that belong to the characteristic ("Ch hasCriterion only Ch"). This configuration relationship between "isCriterion" and "hasCriterion" allows for the exploration of membership criteria to the characteristics and describe this kind of membership as a comprising specific criteria in the relevant characteristics. Presented in the form indicated, the relationship is very important, as our study showed that a different configuration could lead to erroneous conclusions inferred by the reasoner. An example of such a configuration error in the indicated relationships is included in Figure 6 . Figure 6 shows a configuration in which the relationship "has Criterion" is marked as a necessary and sufficient condition (≡) with an existential quantifier, and the scope of this relationship is criterion C. This formulation relationship "hasCriterion" could cause inconsistent ontology at the level of the relationship. This will be explained by the example provided in Figure 7 . In addition, will be used to clarify the description of the reasoning process, saved using descriptive logic expressions (1) -(12).
Usability≡Design∪Usability1
(1) Design≡¬Usability1 (2) Design≡∃hasCriterion.appropriateness_design (3) Usability1≡∃hasCriterion.ease_of_navigation (4) System_quality≡∃hasCriterion.ease_of_navigation (5) System_quality≡∃ hasCriterion.appropriateness_design_style (6) appropriateness_design≡appropriateness_design_style (7) from (4), (5) Usability1≡System_quality (8) from (7) ∃ hasCriterion.appropriateness_design … …≡∃ hasCriterion.appropriateness_design_style (9) from (9), (3), (6) Design≡System_quality (10) from (8), (10) Design≡System_quality≡Usability1 (11) from (2),(11) (Design≡Usability1)∧( Design≡¬ Usability1)≡∅ (12) Figure 7 shows a portion of the target ontology, which is a hypothetical result of the integration of eQual and Ahn. The contents of Figure 7 include the quality characteristics eQual, i.e. "Design" and "Usability1", which make up the partition (i.e. they are disjoint and fully fill the space of eQual concept), which describes the axioms (1) and (2). In addition, Figure 7 contains the concepts of "ease_of_navigation", "appropriateness_design" and "appropriateness_design_style", which are some of the criteria. The criterion of "ease_of_navigation" is used in the Ahn method in the characteristics of "System_quality" and the method eQual characteristics "Usability1". The criterion of "appropriateness_design" occurs in the characteristics of the "Design" eQual method and an Relationships between criterion and characteristics which raise the inconsistency inference "appropriateness_design_style" functions in the characteristics of "System_quality" Ahn method. In addition, the concepts of "appropriateness_design" and "appropriateness_design_style" were considered to be equivalent to (7) . Therefore, the concepts relating to design in an integrated ontology will be linked to the relationship "isCriterion" both with the concept of "System_quality" as well as "Design". The concept of "ease_of_navigation" in an integrated ontology will be linked to the relationship "isCriterion", the concepts "Usability1" and "System_quality". Assuming that:
• the concepts "Design" and "System_quality" are necessary and sufficient conditions include relations "hasCriterion some appropriateness_design" and "hasCriterion some appropriateness_design_style" (expressions (3) and (6)), • then the concepts "Usability1" and "System_quality", as necessary and sufficient conditions, would cover the relationship "hasCriterion some ease_of_navigation" (expressions (4) and (5)), during the integration of ontology, inconsistency would arise if the reasoner effect and "hasCriterion" relationships are defined as the necessary and sufficient conditions. If, for example the concept of "System_quality" has the necessary and sufficient condition "hasCriterion some ease_of_navigation", then it shall be deemed to be equivalent to the reasoner, the other concepts having the same condition. Therefore, it will be deemed to be equivalent to the concept of "Usability1" (8) . On the other hand, based on a necessary and sufficient condition, "hasCriterion some appropriateness_design_style" shall be deemed equivalent to the concept of "Design", which has an equivalent condition "hasCriterion some appropriateness_design" (9), (10) . The situation will appear when the concept of "System_quality" is equivalent to the concepts "Usability1" and "Design" (11) . Accordingly, the reasoner also recognizes that these concepts are equivalent (12) . The fact that the concepts of "Usability1" and "Design" create a partition is important, so that they are mutually exclusive and can not be considered equivalent to (12) . This raises the inconsistency inference. The example given there is that there is no inconsistency in the target ontology due to the fact that the relationship "hasCriterion" and "isCriterion" between concepts of characteristics and quality criteria are defined as shown in Figure 5 .
During integration there may be other inconsistencies that must be addressed on a regular basis. This will be discussed using the example of concepts called "Criterion" coming from the ontology eQual and SiteQual. In view of the fact that the method eQual grading scale covers a range of values from 1 to 7, a restriction should be imposed on the concept of "Criterion" in the ontology eQual " hasEvaluationValue only integer [> = 1, <= 7]". Meanwhile, in the SiteQual method the evaluation of criteria includes the values from 1 to 9, so that the concept of "Criterion" in the ontology describing this method will be limited to "hasEvaluationValue only integer [> = 1, <= 9]". While the integration of ontologies these concepts should be unified, the question arises: "What range of values should include restricting the concept of "Criterion" in a unified model of the target ontology?". In order to solve the conflicts mentioned, we decided to adopt a solution from the PROMPT algorithm. It occurs when one of ontology is considered to be the preferred one and conflicts of this type are resolved in its favor [40] . During the integration, target ontology that unifying source ontologies will be the preferred. Therefore, the order of the integrated source ontology will have a partial effect on the resulting form, a unified model of the target ontology.
Based on these observations, conclusions and guidelines, the source ontologies was built, reflecting the website evaluation quality methods. These ontologies, in the form of primary evidence, and inferred by the reasoner, are presented in: eQual [ . More of the construction process of source ontologies is described in [46] . Based on the literature analysis presented earlier, feedback and observations, we formulated the integration algorithm that was then applied in the process of ontology integration of website quality evaluation methods.
IV. SOURCE ONTOLOGIES INTEGRATION ALGORITHM IN THE TARGET ONTOLOGY
The developed ontology integration algorithm is closely related to refactoring and ontology merging support tools offered by Protégé editor [47] . These tools make it much easier to carry out the integration process. The integration algorithm is divided into three parts. Part I is performed only once as part of the integration process. It concerns the preparation for the integration and the integration of the first source ontology in the target ontology. Part II includes the integration of the criteria and the placement in the target ontology the individual models of evaluation coming from the integrated ontology, as with the methods that are reflected by the different source ontologies. Part III deals with the construction of a unified quality model in the target ontology.
Part I: Preparing for the integration and integration of the first ontology. As a result of the first part of the algorithm, contained in the target ontology is the first source ontology. This part consists of four steps.
1. In order to prepare for integration, new empty ontology should be created in the Protégé editor, which are then integrated source ontologies. The created ontology IRI identifier must be given a value of "Integrated". 2. Then the first source ontology for integration should be selected; open the target ontology "Integrated" in editor Protégé and import the selected source ontology (e.g. "eQual").
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3. The next step is to use the "Merge ontology" option in order to merge the source ontology (e.g. "eQual") and the destination ("Integrated"). In this way, the two ontologies will be included in the same file ontology. 4. Then, using refactoring tools, change the IRI identifier of the source ontology elements to "Integrated" value, which is the IRI identifier of the target ontology. This should be performed for all elements of the source ontology, with the exception of the concepts contained therein describing the quality model (for "eQual" the following concepts should be left unchanged: "eQual", "Service_interaction", "Empathy", "Trust", "Information_quality", "Usability", "Design" and "Usability1"). This action will preserve the quality model of the source ontology in the target ontology. Part II: Integration of another source ontology in the section containing the criteria and quality model. As a result of this part of the algorithm, another source ontology will be placed into the target ontology (another website evaluation quality model and their criteria). It consists of two stages, having in total six steps. Stage I: Selection of another source ontology to integration and alignment of parts of the source and target ontologies containing criteria.
1. Next source ontology for integration should be selected. 2. Then, to align the parts of the ontologies containing criteria, identify the relationship between the quality criteria present in the target ontology (i.e. "Integrated" in accordance with its current content) and in the source ontology to be integrated into the next stage. To do this, use the dictionaries, thesaurus, toolsof the Protégé editor and source literature concerning approaches represented by ontologies. Stage II: Integration of another source ontology.
With Protégé editor open the target ontology
"Integrated", perform another source ontology imports (e.g. "Ahn"). 2. Using the tool "Merge ontologies", connect the source ontology (e.g. "Ahn") and the target (e.g. "Integrated", which already contains concepts from "eQual"). 3. The next step is to change the IRI of the previously assigned values (e.g. "Ahn") to "Integrated" for all elements from the source ontology except those that describe the quality model (for Ahn they are concepts, "Ahn", "Information_quality", "System_quality" and "Service_quality"). This action will fit together just called concepts of criteria of source and target ontologies. The relations and concepts that are rooted in the ontology, i.e. "Criterion", "Quality" and "Service", will also be matched in this way. 4. The next action is to introduce the relationships of equivalence and subsumption between concepts of criteria derived from the source and the target ontologies. These relationships should be identified at the stage of aligning criteria (Part II, Phase I, Step 2). Part III: Building a unified model of quality. This part consists of three stages, having in total 4 steps that should be done at the end of Part II of the algorithm. Stage I: Aligning quality models. You need to specify the link between quality characteristics included in the unified model. As in the alignment step occurring in the second part of the integration algorithm, a number of tools must also be used here to facilitate the identification of links. Stage II: Construction of a unified model of quality. This model should include the characteristics contained in the source and target ontology. After determining its structure, the previous unified model contained in the target ontology should be replaced. Quality characteristics of a unified model should contain relationship "hasCriterion". The criteria should be related to the characteristics of the model relationship "isCriterion". Stage III: Verification of consistency and absence of redundancy and resolving conflicts.
1. This should focus on the consistency of the target ontology obtained using reasoner.
Conflicts involving two equivalent characteristics
having different names can also occur here. Then you need to decide what the characteristics that will be included in the model should be called. Furthermore, one criterion may be associated by the relationship "isCriterion" with two characteristics included in the unified model. Such conflicts must be resolved by selecting the preferred characteristics and relationships derived from a previous version of the unified model. A block diagram of the integration algorithm is shown in Figure 8 .
V. RESULTS
In order to integrate the source ontology built earlier, according to the algorithm presented in point IV, the first part of the process of integration was completed, i.e. the creation of an empty target ontology, and integrated in there the eQual source ontology. Then a second ontology was selected for integration, which was Ahn ontology, and the alignment of concepts representing criteria was carried out. In this step links were identified between the target ontology, which already contains eQual, and the source ontology Ahn. The links detected are shown in Table 1 . It should be noted that the alignment of the ontologies created some problems. Namely, certain relationships between concepts may not be obvious. Therefore, in order to determine the relationships between concepts of criteria, dictionaries, thesauruses and source literature concerning methods of integration represented by ontologies were used. The second problem results from the the fact that the integrated ontologies are creations of secondary structures, developed on the basis of quality assessment methods. The criteria contained in the individual methods are typically in the form of sentences, so that their names are in the long form. Therefore, in the analysis of the links there may appear to be some confusion regarding the full wording of the concept.
Based on the identified relationship between the criteria set out in Table 1 , the next stage of integration was carried out, i.e. a merging ontologies in Protégé editor. In this framework the following things were achieved: import Ahn source ontology to target ontology, ontology merging with the use of the tool "Merge ontologies", the change values of IRI identifiers for concepts / criteria in Ahn ontology, linking respective pairs of concepts with equivalent relationships. Therefore, the target ontology, which is a unified ontology eQual and Ahn at the level of criteria, was achieved.
Then the concepts representing the characteristics of quality models Ahn and eQual were aligned, as shown in Table 2 . The relationship between the characteristics set out in Table 2 is presented in that way due to the fact that the criteria included in the particular characteristics were symlinked in it at the same level of hierarchy. For example, if the "Service_quality" has been recognized as being equivalent to the characteristics of "Service_interaction", then e.g. the criterion of "instills_confidence " (belonging to the "Service_quality") would occur on the 3rd level of the proposed hierarchy along with the characteristics of the "Trust" (including the "Service_interaction"). The criterion of "reputation" (belonging to the "Trust") would be at level 4, resulting thus in a hierarchy in which on one level in the context of the characteristics of "Service_interaction" are both criteria and subcharacteristics. This could cause problems with inconsistency during the inference by the reasoner, so in this case these characteristics associated with subsumption relationship.
The last step was to check the consistency and lack of redundancy in an integrated ontology. Such redundancy appeared as a result of the reasoner, in the case of the criteria from the target and source ontology having the same name or having been recognized as equivalent, and belonging to two different characteristics included in the unified model. In each of these cases, there was a redundancy of subsumption relationship between the criteria and characteristics of the Figure 9 , which shows both the redundant relationship within one sheet, as well as within different characteristics.
For example, a couple of equivalent concepts "personalisation" and "adaptation_to_the_user's_needs" belongs to the characteristics of the "Service_quality" and "Empathy". On the other hand, the subcharacteristics are included in the single characteristic "Service_interaction". So here there is a redundancy in a single sheet. This redundancy resulted from the fact that the criterion of "personalisation" in the ontology eQual being part of the category of "Empathy" and the criterion of "adaptation_to_the_user's_needs" in Ahn ontology being one of the characteristics of "Service_quality". As a result of the recognition of these criteria as being equal to each other, they take the relationship between them and the characteristics to which they belong. A similar situation occurs, for example, in the case of matched pairs of concepts "sense_of_competency" and "professionalism_and _competence", which are among the characteristics of "Service_quality" and "Design" as a result of the equivalence that exists between them. This type of redundancy relationship is resolved in accordance with the assumptions described in Section III of the article, i.e. for the benefit of the target ontology, keeping derived from the relationship, and removing accounts from the source ontology (in this case from the ontology Ahn). Integrating ontology models eQual and Ahn and including the quality model unifies these two methods, presented in the elementary form [48] , in the form deduced by the reasoner [49] .
Other iterations of the process of integration of the various source ontology and of the target ontology integration proceeded analogously to those presented above. Previously built ontologies accompanied the target ontology in turn systematically: SiteQual, Website Evaluation Questionnaire and Web Portal Site Quality [50] . Therefore, the ontology [50] contains five source ontologies. For the unified model of quality, consisting of five basic models as deduced by the reasoner, each model is presented separately in [51].
VI. CONCLUSION
Even a cursory analysis of [50] and [51] shows a very high level of complexity in this built ontology. At the same time, it can be concluded that the construction of such an extensive ontology, as a result of the integration of the source ontologies, is much less complex than its construction process from scratch, even with the use of formal ontology construction methodology. Thanks to the presented approach, the problem of ontology construction unifying quality assessment methods was decomposed for a few minor problems involving construction of the source ontologies were integrated. This resulted in an ontology containing quality models used in the various methods and a model that unifies the different methods. It is worth noting that in all of the integrated methods a total of 115 criteria were used. In the integrated ontology, 94 criteria are listed, due to the fact that part of the criteria are repeated in the various methods. However, when one takes into account the fact that some criteria are equivalent to those of others, one can consider there to be 70 different quality criteria in an integrated ontology. Therefore, we managed to limit the number of applied ontology criteria by almost 40%. The resulting can act as a repository of domain knowledge, due to the fact that it includes a number of methods and models that evaluate the quality of websites. It may also allow for the integration of heterogeneous data from a variety of assessment methods, and thus assessment websites through a variety of methods defined in the ontology, so that the individual results of the assessment can be compared in a the same terminology and a reference plane. Constructed repository of knowledge, together with presented in [16] website assessment criteria selection process could be at the core of the expert system of website quality assessment, which should be the direction of further research. In addition, further work should include the development of ontology about the possibility of environmental data records about ontology users.
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